The efficacy of crude extracts of Senna alata in the improvement of vegetative and reproductive growth in Celosia aregentea was investigated. Fresh leaves of S. alata were blended with a homogenizer in 1 litre of distilled water. The resultant green paste was filtered under suction. Different concentrations (75%, 50%, 40%, 30%, 25%, 12%, 10%, and 5%) were prepared from the 100% crude extract. Seeds of C. argentea were presoaked in these different concentrations including a control (0%) and planted out after 24 hours. Results obtained showed that seedling height, leaf area, dry weight and leaf area ratio were promoted and enhanced by presoaking seeds in the extract. At the end of the experimental period (six weeks), seedling height in 75% and 100% treatments were 109 ± 16.12 cm and 117 ± 19.32 cm, leaf area 128 ± 17.91 cm 2 and 125 ± 18.12 cm 2 , dry weight 7.48 kg and 7.0 kg respectively. Seedlings raised from seeds presoaked in water (control) however, flowered earlier (8 weeks) than the treatments (10 weeks in 75% and 100%). Presoaking seeds of C. argentea in crude extracts of S. alata before planting is recommended for optimum production of the leafy vegetable. The procedure is cheap and easily implementable by resource-poor farmers who are the main growers of C. argentea.
Introduction
The genus Celosia (Amaranthaceae) is represented in Nigeria by six species, which have been described [1] [2] . Celosia argentea, one of the species of Celosia, is among the important leafy vegetables in Nigeria. While Law-Ogbomo and Ekunwe [3] reported that the leaves and young shoots, which contain high levels of calcium, phosphorus and iron, are used in soups and stews. Akinyemi and Tijani-Eniola [4] noted that the plant is an important source of proteins, calories, vitamins and minerals. Other information concerning the edibility of the leaves and stems of the species in soups, stews either single or in admixture with other food items like rice, maize, yam and cassava are abundant [5] [6] . Due to the nutritional qualities of the species (protein 4.7 g, fat 0.7 g, carbohydrate, 7.3 g, fiber 1.8 g, water 83.8 g, calcium 260 mg, phosphorous 43 mg, iron 7.8 mg) as estimated per 100 g of edible portion [7] , it has been stated that "Celosia has high potentials for reducing malnutrition which is rampant in Nigeria" [8] . C. argentea is also a plant of great medicinal value. Bélanger et al. [9] reported lutein and β-carotene (both carotenoids) in fresh samples of C. argentea. Both substances play important roles in maintenance of eye health. Other documented medicinal uses of the plant include use of seeds for the treatment of diarrhea, dysentery and muscle difficulties [10] [11] , flowers for the treatment of dysentery, haemoptysis and menstruation problems [6] and roots for treatment of chronic eczema and gonorrhea [12] . A major advantage of C. argentea as a leafy vegetable is its cheapness wherever it is grown in Nigeria. Thus, whenever available, it is usually affordable to the rural poor. Despite the importance of this leafy vegetable, recent researchers have identified poor soil conditions resulting from continuous cultivation [8] and obsolete cultural practices employed in its production, such as low plant density and non-use of manure/fertilizer input among others [13] , limiting the production of the crop. Therefore these have advocated improvement through use of both organic and inorganic manure/fertilizer.
Crude extracts from several plants are known to have antibacterial, antifungal, and other ethnomedicinal uses [14] - [19] . Few investigations into the inhibitory effects of crude extracts from plants on germination, growth and development of other plants include the works of Tsao et al. [20] , which showed phytotoxicity of Ailanthus altissima extract on Medicago sativa and Roy et al. [21] that showcased the inhibitory effects of crude extracts from banana on lettuce, red amaranth, amaranth, radish, cucumber, ribbed gourd, bean and okra. On the other hand, earliness in flowering and other reproductive growth have been in Arachis hypogea and Vigna unguiculata by treating seedlings of these species with water extracts of Senna alata [22] . Agbagwa et al. [23] [24] investigated the efficacy of spraying seedlings of C. argentea with crude extracts of S. alata and recorded tremendous success ranging from promotion of germination, vegetative and reproductive growth. Efforts to increase the yield of this vegetable by application of organic and inorganic manure have been noted earlier. Against this background, this research further aims at providing economically sustainable means of improving the cultivation of C. argentea and by implication other vegetable crops.
Materials and Methods
Seeds of C. argentea sourced from a home garden at Orji, Owerri Imo State (5˚31'9''N, 7˚3'50''E) and leaves of S. alata collected from the wild along University of Port Harcourt Teaching Hospital Road (4˚88'78''N, 6˚92' 68''E), were used for this study. Samples of both plants were taken for taxonomic authentication at the University of Port Harcourt Herbarium (UPH). 300 g of the fresh leaves of S. alata were weighed out on top loading balance (Model Mettler/Toledo AE 163) and blended with a homogenizer (laboratory blender) in 1 litre of distilled water. The 5-speed homogenizer was set at 100 rpm at 27˚C and operated until the leaf samples were crushed into fine paste. The green paste so obtained was filtered under suction (850 air compressor, 54750FBF). The filtrate, which was regarded as 100% crude water extract, was stored in the refrigerator at 4˚C until required. From this stock concentration, lower concentrations of 75%, 50%, 40%, 30%, 25%, 12%, 10%, and 5% were prepared.
Nine batches of C. argentea seeds with each batch containing 40 seeds were presoaked in 8 × 50 ml beakers for 24 hours; each beaker contained a concentration (i.e. 5%, 10%, 12.5%, 25%, 30%, 40%, 50%, 75% and 100%) of the crude water extract. A control with 0% (distilled water 0 was set up. After the 24 hours presoaking of seeds, the seeds were planted according to their concentrations in plastic buckets filled with top soil from the garden. The frequency of plumule emergence was noted. The plant heights, leaf area, leaf area ratio, dry weight, relative growth rate (RGR) and net assimilation rate (NAR) were recorded at weekly intervals.
A similar arrangement with six batches of 40 C. argentea seeds each were presoaked in different concentration of the S. alata basic extract (10%, 30%, 50%, 75% and 100%) for 24 hours. A control was also set up in distilled water. Similar measurements/readings as above were taken. All results were subjected to statistical test using modified t-test method for the comparison of means [25] . The LAR, RGR and NAR were calculated using the following formulas: 
Results and Discussion
Plant growth and development is known to be influenced by the exogenous application of growth hormones/substances [26] - [32] . Plant extracts have been reported to imitate growth hormones in bringing about positive growth and development in other plants [22] - [24] [33]- [35] . In this present study, seedlings of C. argentea that emerged from seeds pretreated with S. alata water extract were observed to be significantly taller than the control after 6 weeks (Figure 1) . The average heights of the seedlings grown from seeds presoaked in Time (in weeks) Figure 1 . Effects of presoaking C. argentea seeds in S. alata crude extract on height.
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5% (89 ± 1.73 cm) and 10% (86 ± 4.70 cm) crude extract were slightly less than that of the control (91 ± 1.50 cm) within the same period. The height of seedlings in the various treatments followed a pattern of increase from lower to higher concentrations, with seedlings raised from seeds presoaked in 100% of the crude extract showing the highest heights (117 ± 19.32 at the sixth week) for all the weeks. Significant promotory effect on leaflet enlargement of C. argentea seedlings was recorded with all the treatments when compared with the control (Figure 2) . Leaf area of seedlings raised from 5% crude extract pretreated seeds (102 ± 1.59 cm at six weeks) was however, slightly lower than that of the control (104 ± 1.40) throughout the period of investigation. Those raised from 12.5% crude extract pretreated seeds were less than the control at the second week, but gradually increased above the control from the third week. These results generally agree with earlier observations, which reported improved height and leaf area in plants treated with crude extracts of S. alata [22] - [24] [33] . Like the height of seedlings, the leaf area of seedlings pretreated with the crude extract (except in seedlings pretreated with 75% of the crude extract) were observed to increase from lower to higher concentrations. The average leaf area of seedlings from the 75% treatment was however, more than those of 100% treatment from the second week to the end of the study. Presoaking seeds of C. argentea in crude extracts of S. alata also resulted in C. argentea seedlings whose average dry weight and LAR were higher than the control at the end of the experimental period (Figure 3 and Figure 4 ). Results obtained with the Relative Growth Rate (RGR-a measure used to quantify the speed of plant growth) and Net Assimilation Rate (NAR-mean rate of dry matter production per unit of leaf area) for the different treatments did not follow any specific pattern or trend ( Figure 5 and Figure 6 ). However, the NAR were generally high within the first one week and tended to decrease from thence thereafter (Figure 6 ). The sharp increase in RGR at week 3 and sudden drop at week 4 for seedlings presoaked in 100% of the extract (Figure 5) , is noteworthy. This abnormal drift, which is not presently understood, is being further investigated.
Seedlings of C. argentea grown from seeds pretreated with S. alata water leaf extract were observed to flower later than the control. Seedlings grown from 40% presoaked seeds flowered in 67 days (or 9½ weeks), while 75% and 100% treatments flowered approximately 10 weeks after sowing. The control plants flowered in 8 weeks. Those grown from 10% flowered after 9 weeks of sowing.
Growth promotory substances such as gibberellins, auxins and cytokinins, which are active at very low concentrations, were reported to be present in such crude plant extracts as those used in this study [33] . It was earlier noted that "the general increase in height and most of the other growth parameters of seedlings treated with S. alata extracts over the untreated is a fact traceable to the increased rate of cell division, enlargement and protein synthesis, which are promotory effects usually associated with plants treated with gibberellins and cytokinins" [24] . These facts, which imply that the crude extract used contain growth promontory substances, therefore explain the general increase in height and leaf area observed in this study with seedlings raised from seeds pretreated with S. alata crude leaf extract over the control. Recently, fruiting was induced in Thompson seedless grape plants by exogenous treatment with crude extracts of a marine plant, Ascophyllum nodosum [35] . So also did Chowdhury et al. [36] observe improved quality and yield of Mangifera indica (mango) treated with plant extracts. These results generally show that crude extracts from some plant species promote growth and development in other plants. Though some recent studies have shown inhibitory effects of crude extracts from plants on germination, growth and development of other plants [20] [37] , the promotion of plant growth and development by crude extracts of S. alata is unequivocally established by this study. The study also confirms previous findings [22] - [24] [33] on the efficacy of crude extracts of S. alata in promoting plant growth and development, a, feat performed by plant hormones. The crude extract of S. alata therefore contains plant growth promoting substances, which mimics plant hormones sensu stricto. 
Conclusion
Since exogenous treatment of C. argentea seeds with crude extracts of S. alata resulted in increase in height and leaf area of experimental seedlings over the control within the study period, the use of this extract is advocated for C. argentea and other vegetables. Presoaking in crude extracts of 50%, 75% and 100% concentrations are most recommended as they produced the best leaflet enlargement. This will enhance production of this important vegetable plant, whose nutritional quality estimated per 100 g of edible portion was put as protein 4.7 g, fat 0.7 g, carbohydrate, 7.3 g, fiber 1.8 g, water 83.8 g, calcium, 260 mg, phosphorous 43 mg, iron 7.8 mg [7] . It is worthy to note that the procedure involved in the extraction of the crude extract from the leaves of S. alata is simple, practicable with easy and cheap to fabricate equipment. The procedure can be easily transferred to resource-poor farmers, who are the main growers of it and most other vegetable plants.
